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

MAPEAMENTO DA FRAGILIDADE POTENCIAL: USO E APLICAÇÕES NA 
SILVICULTURA DE PRECISÃO  

POTENTIAL FRAGILITY MAP: USES AND APPLICATION IN FORESTRY 
PRECISION 


/RUHQD6WROOH&KULVWHO/LQJQDX-XOLR(GXDUGR$UFH,WDPDU$QWRQLR%RJQROD

(QJHQKHLUD)ORUHVWDO06F3URIHVVRUD&3&68)06$QWLJDHVWUDGDSDUD)D]HQGD&DPSR%RP&(3
&KDSDGmRGR6XO±06ORUHQDVWROOH#\DKRRFRPEU
(QJHQKHLURD)ORUHVWDO'UD3URIHVVRUDGR'(&,)8)35$Y/RWKiULR0HLVVQHU&(3
&XULWLED35OLQJQDX#XISUEUMDUFH#XISUEU
(QJHQKHLUR$JU{QRPR3HVTXLVDGRU(0%5$3$)ORUHVWDV(VWUDGDGD5LEHLUDNP&DL[D3RVWDO
&(3&RORPER35LDERJ#FQSIHPEUDSDEU
RESUMO 
2 REMHWLYR GHVWH WUDEDOKR FRQVLVWLX HP HODERUDU XP PDSD GH IUDJLOLGDGH SRWHQFLDO SDUD DSRLDU R SODQHMDPHQWR GD
H[HFXomR GH DWLYLGDGHV IORUHVWDLV FRP PDLRU SUHFLVmR H PHQRU ULVFR GH GHJUDGDomR DPELHQWDO 7pFQLFDV GH 6,*
6LVWHPDVGH ,QIRUPDo}HV*HRJUiILFDV JHRHVWDWtVWLFD .ULJDJHP H OyJLFD fuzzy IRUDPXWLOL]DGDVSDUD D JHUDomRGRV
PDSDV )RUDP XWLOL]DGDV YDULiYHLV ItVLFDV GRV VRORV SRUFHQWDJHP GH DUJLOD VXSHUILFLDO SRUFHQWDJHP GH DUJLOD
VXEVXSHUILFLDOSURIXQGLGDGHHIHWLYDGRVRORHHVSHVVXUDGRKRUL]RQWH$HDGHFOLYLGDGHGRWHUUHQRSDUDJHUDURPDSDGH
IUDJLOLGDGHSRWHQFLDO2VUHVXOWDGRVPRVWUDUDPTXHRPRGHORDGRWDGRVHUYHFRPRXPDIHUUDPHQWDSDUDDLGHQWLILFDomR
GH iUHDV FRP PDLRU VXVFHSWLELOLGDGH j GHJUDGDomR SHUPLWLQGR TXH DV DWLYLGDGHV GH PDLRU LPSDFWR SXGHVVHP VHU
H[HFXWDGDV FRPPDLRU FDXWHOD H LGHQWLILFDQGR DV iUHDV SULRULWiULDV SDUD D DGRomR GHPHGLGDV FRQVHUYDFLRQLVWDV FRP
SUHFLVmR

Palavras-chaveNULJDJHPVRORVIORUHVWDLVOyJLFDIX]]\
ABSTRACT 
7KHREMHFWLYHRIWKLVVWXG\ZDVWRGHYHORSDSRWHQWLDOIUDJLOLW\PDSWRVXSSRUWWKHLPSOHPHQWDWLRQRIIRUHVWU\DFWLYLWLHV
ZLWK JUHDWHU SUHFLVLRQ DQG OHVV ULVN RI HQYLURQPHQWDO GHJUDGDWLRQ 7HFKQLTXHV RI *,6 *HRJUDSKLF ,QIRUPDWLRQ
6\VWHPVJHRVWDWLVWLFDONULJLQJDQGIX]]\ORJLFZHUHXVHGWRJHQHUDWHWKHPDSV6RLOSK\VLFDODQGWKHVORSHYDULDEOHV
ZHUHFRQVLGHUHGWRJHQHUDWHWKHSRWHQWLDOIUDJLOLW\PDS7KHUHVXOWVVKRZHGWKDWWKHDGRSWHGPRGHOVHUYHVDVDWRROWR
LGHQWLI\ DUHDVZLWK LQFUHDVHG VXVFHSWLELOLW\ WR GHJUDGDWLRQ DOORZLQJ IRU JUHDWHU LPSDFW DFWLYLWLHV FRXOG EH SHUIRUPHG
ZLWKJUHDWHUFDUHDQGLGHQWLI\LQJSULRULW\DUHDVIRUWKHDGRSWLRQRIFRQVHUYDWLRQPHDVXUHVDFFXUDWHO\

Keywords: NULJLQJIRUHVWVRLOVIX]]\ORJLF

INTRODUÇÃO 
$PDLRULDGDVDWLYLGDGHVIORUHVWDLVQHFHVVLWDGHLQIRUPDo}HVEiVLFDVGRPHLRSDUDRVHXSODQHMDPHQWR8PD
GDV LQIRUPDo}HVPDLV UHOHYDQWHV p R OHYDQWDPHQWR SHGROyJLFR RQGH RSURILVVLRQDO SRGHUi REWHU GDGRVGH
YDULiYHLV ItVLFDV GR VROR TXH LUi DX[LOLDU QD HVFROKD GR ORFDO PDLV DGHTXDGR SDUD D H[HFXomR GHVWDV
DWLYLGDGHVHTXDQGRQmR IRUSRVVtYHOSRGHDX[LOLDUQD LGHQWLILFDomRGRV ORFDLVRQGHGHYHPVHU UHDOL]DGDV
PHGLGDVSUHYHQWLYDVSDUDDFRQVHUYDomRGRVVRORV

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$WXDOPHQWH IHUUDPHQWDV FRPSXWDFLRQDLV DYDQoDGDV ID]HP SDUWH GR XQLYHUVR GR SODQHMDPHQWR IORUHVWDO
DWXDQGR SULQFLSDOPHQWH QR FDPSR GD VLOYLFXOWXUD GH SUHFLVmR RQGH QR FDVR GHVWH HVWXGR iUHDV PDLV
VXVFHSWtYHLVDGHJUDGDomRSRGHPVHUPDSHDGDVHPTXDOTXHUHVFDODGHVHMDGD

$ VXVFHSWLELOLGDGH j GHJUDGDomR SRGH VHU HQWHQGLGD FRPR IUDJLOLGDGH DPELHQWDO VHQGR FLWDGD HP YiULRV
HVWXGRV52666$1726.$:$.8%2et al*21d$/9(6et al2VPHVPRV
DXWRUHV FLWDP TXH D IUDJLOLGDGH DPELHQWDO SRGH VHU FDUDFWHUL]DGD FRPR SRWHQFLDO TXDQGR VH UHIHUH j
IUDJLOLGDGHLQWUtQVHFDGRPHLRFRQVLGHUDQGRYDULiYHLVFRPRFODVVHGHVRORGHFOLYLGDGHHJHRPRUIRORJLDH
HPHUJHQWHTXDQGRVmRLQVHULGDVYDULiYHLVGRXVRGRVRORLQFOXtGDVDVDWLYLGDGHVUHDOL]DGDVSHORKRPHPRX
VHMDYDULiYHLVPRGLILFDGRUDVGRDPELHQWHHPVXDIRUPDQDWXUDOFRPRiUHDVGHDJULFXOWXUDHSHFXiULD

1HVWHWUDEDOKRSURS}HVHPDSHDUDIUDJLOLGDGHSRWHQFLDOXWLOL]DQGRRVPDSDVGHGHFOLYLGDGHHGHDOJXPDV
YDULiYHLV ItVLFDV GRV VRORV SRUFHQWDJHP GH DUJLOD VXSHUILFLDO SRUFHQWDJHP GH DUJLOD VXEVXSHUILFLDO
SURIXQGLGDGH HIHWLYD GR VROR H HVSHVVXUD GR KRUL]RQWH $ SDUD DSRLR QD WRPDGD GH GHFLV}HV TXDQWR DR
SODQHMDPHQWRGDVDWLYLGDGHVIORUHVWDLV


MATERIAL E MÉTODOS 
2HVWXGRIRLUHDOL]DGRHPXPDSURSULHGDGHGHKDORFDOL]DGDQRSODQDOWRQRUWHGH6DQWD&DWDULQDQRV
PXQLFtSLRVGH5LR1HJULQKRH'RXWRU3HGULQKR)LJXUD


)LJXUD /RFDOL]DomRGDiUHDGHHVWXGR
)LJXUH 6WXG\iUHDORFDWLRQ


2PDSDGH IUDJLOLGDGH SRWHQFLDO IRL HODERUDGRSRUPHLR GH XPRSHUDGRU fuzzy RQGH YDORUHV GDV YDULiYHLV
ItVLFDVGRVVRORVHGDGHFOLYLGDGHIRUDPFRPELQDGRV)RUDPXWLOL]DGRVRVSURJUDPDVNetWeaver Rules of 
Thumb, Inc.RTXDOSHUPLWHHQWUHRXWURVDFRQYHUVmRGRVYDORUHVGD IXQomR fuzzyHRArcGis (VUL
SDUDDJHUDomRGRVPDSDVHPDPELHQWH6,*$FRQH[mRHQWUHXPSURJUDPDHRRXWURpGDGDSRUPHLRGD
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H[WHQVmR SDUD R ArcMap EMDS Ecosystem Management Decision Support GHVHQYROYLGR SHOR 6HUYLoR
)ORUHVWDO$PHULFDQRHR,QVWLWXWRGD8QLYHUVLGDGHGH5HGODQGV±(8$

$V YDULiYHLV ItVLFDV GRV VRORV XWLOL]DGDV IRUDP SRUFHQWDJHP GH DUJLOD VXSHUILFLDO SRUFHQWDJHP GH DUJLOD
VXEVXSHUILFLDOSURIXQGLGDGHHIHWLYDGRVRORHHVSHVVXUDGRKRUL]RQWH$DVTXDLVIRUDPREWLGDVDSDUWLUGH
 DPRVWUDV $V SUHGLo}HV GDV YDULiYHLV SDUD iUHDV QmR DPRVWUDGDV IRUDP LQWHUSRODGDV SHOR PpWRGR GD
NULJDJHP 3DUD RV FiOFXORV SURGXomR GRV JUiILFRV H DMXVWH GR VHPLYDULRJUDPD XWLOL]RXVH R SURJUDPD
HVWDWtVWLFR5 H R SDFRWH*HR5 5,%(,52H',**/(  VHQGR DPERV RV SURJUDPDV OLYUHV GHQWURGD
OLFHQoDLQWHUQDFLRQDO*3/General Public Licence

3ULPHLUDPHQWHIRLHIHWXDGDXPDDQiOLVHGHVFULWLYDGRVGDGRVGRVVRORVSDUDDYDOLDUKRPRJHQHLGDGHSRQWRV
GLVFUHSDQWHVHQRUPDOLGDGHGRVGDGRV$HVWLPDWLYDSRUNULJDJHPDSUHVHQWDPHOKRUHV UHVXOWDGRVTXDQGRD
QRUPDOLGDGH GRV GDGRV p VDWLVIHLWD 3$=*21=$/(= et al.  3DUD YHULILFDU D H[LVWrQFLD GH
GHSHQGrQFLD HVSDFLDO IRUDP UHDOL]DGDV DQiOLVHV H[SORUDWyULDV GH FDGD YDULiYHO DWUDYpV GR VHPLYDULRJUDPD
H[SHULPHQWDO

2PDSDGHGHFOLYLGDGHIRLHODERUDGRDWUDYpVGRPRGHORQXPpULFRGRWHUUHQR017JHUDGRDSDUWLUGHXP
DUTXLYRGHFXUYDVGHQtYHOFRPHTXLGLVWkQFLDGHPHWURV


RESULTADOS E DISCUSSÃO 

'HDFRUGRFRPDDQiOLVHGHVFULWLYDGRVGDGRVIRLREVHUYDGRQDiUHDGHHVWXGRTXHRWHRUGHDUJLODGDFDPDGD
VXSHUILFLDOHVWiHQWUHHDGDFDPDGDVXEVXSHUILFLDOHQWUHHDHVSHVVXUDGRKRUL]RQWH$SRVVXL
GHDWpFPHDSURIXQGLGDGHHIHWLYDGRVRORHVWiHQWUHHFP7DEHOD3RGHVHREVHUYDUWRGDV
DVYDULiYHLVDSUHVHQWDPFRHILFLHQWHGHYDULDomRDFLPDGHLQGLFDQGRXPDDFHQWXDGDGLVSHUVmRGRVVHXV
YDORUHVHPWRUQRGDPpGLD7DEHOD


7DEHOD 0HGLGDVTXDQWLWDWLYDVGRVDWULEXWRVItVLFRVGRVVRORV
7DEOH 4XDQWLWDWLYHVRLOVSK\VLFDODWWULEXWHVPHDVXUHPHQWV
Variável
nº 
Obs.
Mínimo Máximo Mediana Média
Desvio 
Padrão
CV (%)
$UJLOD6XSHUILFLDO       
$UJLOD6XEVXSHUILFLDO       
+RUL]RQWH$FP       
3URIXQGLGDGH(IHWLYDFP       


$QHFHVVLGDGHGHWUDQVIRUPDomRGRVGDGRVIRLYHULILFDGDDWUDYpVGRJUiILFR%R[&R[%2;H&2;
2JUiILFRVXJHUHTXHRYDORUGHȜHVWHMDHQWUHHSDUDDYDULiYHODUJLODVXSHUILFLDO)LJXUDDHHQWUH
HSDUDDDUJLODVXEVXSHUILFLDO)LJXUDE'HVWDIRUPDRSWRXVHSRUXWLOL]DUȜ WUDQVIRUPDomR
UDL]TXDUWDSDUDDVGXDVYDULiYHLVTXHSRVVXHPDPHVPDJUDQGH]D

-iSDUDDYDULiYHOSURIXQGLGDGHHIHWLYDGRVRORHHVSHVVXUDGRKRUL]RQWH³$´RJUiILFR%R[&R[PRVWUDTXH
RYDORUHVWiFRQWLGRQRLQWHUYDORGHFRQILDQoDSDUDȜ)LJXUDFHGLQGLFDQGRTXHDQmRWUDQVIRUPDomR
GRVGDGRVDWLQJLUiUHVXOWDGRVWmRSUy[LPRVTXDQWRDXWLOL]DomRGRYDORUGHȜTXHPD[LPL]DHVWDIXQomR

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D$UJLOD6XSHUILFLDO E$UJLOD6XEVXSHUILFLDO
F3URIXQGLGDGH(IHWLYD
G3URIXQGLGDGHGR+RUL]RQWH³$´

)LJXUD *UiILFRV%R[&R[SDUDDVYDULiYHLVGRVDWULEXWRVItVLFRVGRVVRORV
)LJXUH %R[&R[FKDUWVIRUWKHVRLOVSK\VLFDODWWULEXWHVYDULDEOHV

$SyVDDQiOLVHH[SORUDWyULDGRVGDGRVRSUy[LPRSDVVRFRQVLVWLXHPDMXVWDURVHPLYDULRJUDPDXWLOL]DQGRR
PRGHORH[SRQHQFLDOSDUDWRGDVDVYDULiYHLVSRUVHDSUHVHQWDUPDLVDGHTXDGRDRIRUPDWRGDFXUYDGRVGDGRV
2VSDUkPHWURVGRVHPLYDULRJUDPDIRUDPDMXVWDGRVSHOR0pWRGRGH0i[LPD9HURVVLPLOKDQoDH[HFXWDGRQR
SURJUDPD ³5´0(//2  WUDEDOKDQGR FRP GDGRV SDUD ID]HU HVWLPDWLYDV YROXPpWULFDV GH HXFDOLSWR
HQFRQWURXPHOKRUHVUHVXOWDGRVGHDMXVWHSHORPpWRGRGDYHURVVLPLOKDQoDGRTXHSHORPpWRGRGRVPtQLPRV
TXDGUDGRVSRQGHUDGRVYDQWDJHPWDPEpPDSRQWDGDSRU',**/(H5,%(,52-81,25

2FRHILFLHQWHGHHIHLWRSHSLWD&GDGRSRUPHLRGRtQGLFHGHGHSHQGrQFLDHVSDFLDO'(VXJHUHTXHDVYDULiYHLVDUJLODVXSHUILFLDOHDUJLOD VXEVXSHUILFLDODSUHVHQWDPIRUWHGHSHQGrQFLDHVSDFLDO '(!DWp
XPD GLVWkQFLD GH  P H GH  P GHILQLGRV DWUDYpV GRV SDUkPHWURV ș    H ș   
UHVSHFWLYDPHQWH7DEHOD

$VYDULiYHLVHVSHVVXUDGRKRUL]RQWH³$´HSURIXQGLGDGHHIHWLYDDSUHVHQWDPPRGHUDGDGHSHQGrQFLDHVSDFLDO
FRPYDORUHVGH'(HQWUHHFRPXPDOFDQFHGHDWpș Hș HTXLYDOHQWHVDPH
PUHVSHFWLYDPHQWH7DEHOD
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7DEHOD (VWLPDWLYDVGRVSDUkPHWURVGRPRGHORH[SRQHQFLDOSDUDDVYDULiYHLVGRVDWULEXWRVItVLFRVGRVROR
7DEOH 3DUDPHWHUVHVWLPDWHVRIWKHH[SRQHQWLDOPRGHOIRUWKHYDULDEOHVRIVRLOSK\VLFDODWWULEXWHV
Variáveis nº Obs. b t2 (C0) s
2 (C1) ș (a) DE%
$UJLOD6XSHUILFLDO      
$UJLOD6XEVXSHUILFLDO      
+RUL]RQWH$FP      
3URIXQGLGDGH(IHWLYDFP      


2V UHVXOWDGRV REWLGRV FRP R DMXVWH GR PRGHOR H[SRQHQFLDO SHUPLWLUDP SURGX]LU RV PDSDV GRV DWULEXWRV
ItVLFRVGRVVRORVSRUPHLRGD.ULJDJHP2UGLQiULD)LJXUD

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3URIXQGLGDGH(IHWLYDFP

)LJXUD ,QWHUSRODomRHVSDFLDOSRUNULJDJHPGRVDWULEXWRVItVLFRVGRVROR
)LJXUH 6SDWLDOLQWHUSRODWLRQE\NULJLQJIRUVRLOSK\VLFDODWWULEXWHV


$)LJXUDPRVWUDRPDSDGHGHFOLYLGDGHJHUDGRDSDUWLUGDVFXUYDVGHQtYHO
2PDSDGH IUDJLOLGDGHSRWHQFLDO )LJXUD GDGRSHOD FRPELQDomRGDVYDULiYHLV DUJLOD VXSHUILFLDO DUJLOD
VXEVXSHUILFLDO HVSHVVXUD GR KRUL]RQWH ³$´ SURIXQGLGDGH HIHWLYD GR VROR H GHFOLYLGDGH PRVWURX TXH RV
YDORUHVfuzzyGHIUDJLOLGDGHYDULDUDPGHPDLVIUiJLODWpPHQRVIUiJLO

$V iUHDV GH PDLRU IUDJLOLGDGH YDORUHV fuzzy SUy[LPR D  VmR FDUDFWHUL]DGDV SUHGRPLQDQWHPHQWH SRU
DSUHVHQWDUGHFOLYLGDGHVVXSHULRUHVDWH[WXUDDUHQRVDDPpGLDYDORUGHDUJLODGHDWpHQHQKXPVROR
FRPPDLVGHFPGHSURIXQGLGDGHHQHPHVSHVVXUDGRKRUL]RQWH$FRPPDLVGHFP$PDLRUSDUWH
GDiUHDFRPYDORUHV³YHUGDGH´GHDWpVmRRFXSDGDVSRUUHPDQHVFHQWHVGHIORUHVWDQDWLYD

3RURXWURODGRDViUHDVFRQVLGHUDGDVPHQRVIUiJHLVYDORUHVYHUGDGHSUy[LPRDHPFLQ]DPDLVFODUR
DSUHVHQWDPHPVXDPDLRULDUHOHYRSODQRQHQKXPDiUHDFRPGHFOLYLGDGHLJXDORXVXSHULRUDWH[WXUD
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DUJLORVD RXPXLWR DUJLORVD QRPtQLPR  GH DUJLOD VRORV SURIXQGRV HP WRUQR GH  FP RXPXLWR
SURIXQGRVPDLVGHFPHFRPHVSHVVXUDGRKRUL]RQWH$GHQRPtQLPRFP

2PDSDGHIUDJLOLGDGHSRWHQFLDOVXJHUHTXHDViUHDVGHWRQDOLGDGHVPDLVSUy[LPDVGHFLQ]DFODURVmRPDLV
HVWiYHLVDPELHQWDOPHQWHHSRGHPVHUXWLOL]DGDVFRPPHQRUULVFRGHGHJUDGDomR

$
)LJXUD0DSDGHFODVVHVGHGHFOLYLGDGHHPJUDXV
)LJXUH6ORSHPDSLQGHJUHHV



$
)LJXUD 0DSDGHIUDJLOLGDGHSRWHQFLDO
)LJXUH 3RWHQWLDOIUDJLOLW\PDS
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CONCLUSÕES 

D $XWLOL]DomRGD OyJLFD fuzzy SHUPLWHXPDDQiOLVHGHWDOKDGDH IOH[tYHOGD IUDJLOLGDGHSRWHQFLDORQGHVH
REVHUYDXPJUDGLHQWHGHIUDJLOLGDGHHPIXQomRGRVYDORUHVREVHUYDGRVin loco
E 2 PDSD GH IUDJLOLGDGH SRWHQFLDO FRP DV WpFQLFDV DTXL DSUHVHQWDGDV PRVWUDVH DGHTXDGR FRPR XPD
IHUUDPHQWDSDUDD VHOHomRGDV WpFQLFDVGHPDQHMR HSDUDRSODQHMDPHQWRGDVDWLYLGDGHV IORUHVWDLVFRP
SUHFLVmR

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